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(57) ABSTRACT

An n-type first single crystal silicon layer 1s provided as
collector region over a silicon substrate with a first insulat-
ing film mterposed therebetween. A p-type first polysilicon
layer 1s provided as an extension of a base region over the
first single crystal silicon layer with a second insulating film
interposed therebetween. A p-type second single crystal
silicon layer 1s provided as intrinsic base region on a side of
the first single crystal silicon layer, second insulating film
and first polysilicon layer. An n-type third single crystal
silicon layer 1s provided as emitter region on a side of the
second single crystal silicon layer. And an n-type third
polysilicon layer 1s provided on the first msulating film as
extension of an emitter region and 1s connected to a side of
the third single crystal silicon layer.

4 Claims, 3 Drawing Sheets
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BIPOLAR TRANSISTOR AND METHOD FOR
FABRICATING THE SAME

BACKGROUND OF THE INVENTION

The present 1invention relates to a bipolar transistor with
a base region extending vertically to the surface of a
semiconductor substrate and to a method for fabricating
such a transistor.

A bipolar transistor operating at even higher speeds 1s 1n
hich demand to further improve the performance of a
semi-conductor 1ntegrated circuit device.

Reduction 1n base-emitter or base-collector parasitic
capacitance plays a key role 1n increasing the operating
speed of a bipolar transistor. To minimize the parasitic
capacitance, a junction region between the base and emitter
regions or between the base and collector regions should
preferably have 1ts area reduced.

For that purpose, the base-emitter or base-collector junc-
tfion region 1s formed by lithography according to a known
technique to make 1ts area as small as possible.

When the lithography technique 1s adopted, however, the
precision of fine-line processing 1s dependent on the wave-
length of radiation emitted from a light source for the
lithographic process. In other words, it 1s difficult to define
a fine-line pattern at a precision equal to or smaller than the
wavelength of the radiation. Thus, the area of the junction
region cannot be reduced below a certain limit.

Japanese Laid-Open Publication No. 5-182978 discloses
an alternative method for reducing the base-emitter or base
collector junction area.

Hereinafter, the method for fabricating a bipolar transistor
as disclosed in the publication identified above will be

described with reference to FIGS. 3(a) through 3(d).

First, as shown in FIG. 3(a), a silicon-on-insulator (SOI)
substrate 1s prepared. In the SOI substrate, an n-type first
single crystal silicon layer 102 1s formed over a silicon
substrate 100 with a first silicon dioxide film 101 interposed
therebetween. Next, the first single crystal silicon layer 102
1s selectively doped with As 1ons, thereby defining a col-
lector connection region 103. In this case, the first single
crystal silicon layer 102 will be a collector region. Then, a
second silicon dioxide film 104 1s deposited by a CVD
process on the first single crystal silicon layer 102 and
collector connection region 103, and a p-type first polysili-

con layer 105 1s deposited by a CVD process on the second
silicon dioxide film 104.

Next, as shown in FIG. 3(b), an opening 106 is provided
through the first polysilicon layer 105, second silicon diox-
ide film 104 and first single crystal silicon layer 102. The
opening 106 1s provided to form a transistor thereon.
Subsequently, an epitaxy process 1s performed under the
conditions so defined as to grow epitaxial and polysilicon
layers at the same time. As a result of this process, a p-type
second single crystal silicon layer 107 1s formed on the side
faces of the first single crystal silicon layer 102. Also, a
p-type second polysilicon layer 108 1s deposited to cover the
upper and side faces of the first polysilicon layer 105, the
side faces of the second silicon dioxide film 104 and the
upper surface of the first silicon dioxide film 101. Then, the
layers 107 and 108 are etched anisotropically, thereby leav-
ing the p-type second single crystal silicon layer 107 on the
side faces of the first single crystal silicon layer 102 and the
second polysilicon layer 108 on the side faces of the first
polysilicon layer 105 and second silicon dioxide film 104,
respectively. The second single crystal silicon layer 107 will
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be an intrinsic base region, while the first and second
polysilicon layers 105 and 108 will together constitute a
base connection region.

Then, a resist pattern 1s defined over the entire surface of
the first polysilicon layer 105 and then etched under con-
trolled conditions, thereby partially leaving the resist pattern
109 mside the opening 106 where an emitter region will be
defined as shown in FIG. 3(c). Subsequently, a third silicon

dioxide film 110 1s deposited on parts of the first and second
polysilicon layers 105 and 108 that are not covered with the
resist pattern 109.

Thereafter, as shown in FIG. 3(d), the resist pattern 109 1s
stripped. Then, an n-type third single crystal silicon layer
111 1s formed on the side faces of the second single crystal
silicon layer 107 (i.e., the exposed inner wall of the opening
106 that 1s not covered with the third silicon dioxide film
110). The third single crystal silicon layer 111 will be an
emitter region. Subsequently, an n-type third polysilicon
layer 112 1s deposited over the entire surface of the third
silicon dioxide film 110 as well as over the inner wall of the
opening 106, and then patterned. The patterned third poly-
silicon layer 112 will be an emitter connection region.

Next, the third silicon dioxide film 110 and the first
polysilicon layer 105 are patterned, and then the second
silicon dioxide film 104 is patterned. Thereatter, openings
are provided i1n the third silicon dioxide film 110 to form
clectrodes thereon. Subsequently, an aluminum {ilm 1s
deposited over the collector connection region 103, second
and third silicon dioxide films 104, 110 and third polysilicon
layer 112 and then patterned. As a result, emitter, base and
collector electrodes 114A, 114B and 114C are formed to be
connected to the third polysilicon layer 112, first polysilicon
layer 105 and collector connection regions 103, respectively.
In this manner, the prior art bipolar transistor 1s completed.

In the prior art bipolar transistor, the area of the junction
between the first and second single crystal silicon layers 102
and 107 functioning as the collector and intrinsic base
regions 1s defined by the thickness of the first single crystal
silicon layer 102. Thus, the base-collector parasitic capaci-
tance can be reduced 1if the first single crystal silicon layer
102 1s thinned. Also, the area of the junction between the
second and third single crystal silicon layers 107 and 111,
which function as the intrinsic base and emitter regions,
respectively, 1s defined by the height of the third single
crystal silicon layer 111, or the thickness of the resist pattern
109 left inside the opening 106. Thus, the base-emitter
parasitic capacitance can be reduced if the resist pattern 109
left within the opening 106 1s thinned.

In the prior art bipolar transistor, however, 1t 1s difficult to
precisely control the thickness of the resist pattern 109 left
within the opening 106. This 1s because the resist pattern 109
1s defined by etching the resist pattern that has been depos-
ited over the entire surface of the first polysilicon layer 105
under controlled conditions.

For that reason, 1t 1s also difficult to precisely control the
height of the third single crystal silicon layer 111, or the arca
of the base-emitter junction region. As a result, the base-
emitter parasitic capacitance becomes variable, thus making
the electrical characteristics of the bipolar transistor incon-
stant.

SUMMARY OF THE INVENTION

An object of the present invention 1s increasing the
operating speed of a bipolar transistor by lowering the
base-collector and base-emitter parasitic capacitance values
through the reduction 1n area of base-collector and base-
emitter junction regions.
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Another object of the present invention 1s stabilizing the
clectrical characteristics of the bipolar transistor by precisely
controlling the base-emitter junction area or parasitic capaci-
tance.

To achieve these objects, a bipolar transistor according to
the present invention includes: a first semiconductor layer of
a first conductivity type, which 1s formed over a semicon-
ductor substrate; a second semiconductor layer of a second
conductivity type, which 1s formed over the first semicon-
ductor layer with an insulating film interposed there-
between; a third semiconductor layer of the second conduc-
fivity type, which 1s formed on side faces of the first and
seccond semiconductor layers and the insulating film; a
fourth semiconductor layer of the first conductivity type,
which 1s formed on a side of the third semiconductor layer,
the side being opposite to the other side of the third
semiconductor layer that is 1n contact with the first and
second semiconductor layers; and a fifth semiconductor
layer of the first conductivity type, which 1s formed over the
semiconductor substrate to be 1n contact with the fourth
semiconductor layer. The third semiconductor layer 1is
defined as a base region. The first semiconductor layer is
defined as one of collector and emitter regions, while the
fourth semiconductor layer i1s defined as the other of the
collector and emitter regions. The second semiconductor
layer 1s defined as an extension of the third semiconductor
layer. And the fifth semiconductor layer 1s defined as an
extension of the fourth semiconductor layer.

A method for fabricating a bipolar transistor according to
the present mvention includes the steps of: forming a first
semiconductor layer of a first conductivity type, an insulat-
ing film and a second semiconductor layer of a second
conductivity type 1n this order over a semiconductor sub-
strate; forming a third semiconductor layer of the second
conductivity type on respective side faces of the first and
second semiconductor layers and the insulating film; form-
ing a fourth semiconductor layer of the first conductivity
type on a side of the third semiconductor layer, the side
being opposite to the other side of the third semiconductor
layer that 1s 1n contact with the first and second semicon-
ductor layers; forming a fifth semiconductor layer of the first
conductivity type over the semiconductor substrate such that
the fifth semiconductor layer 1s in contact with the fourth
semiconductor layer; and defining the third semiconductor
layer as a base region, the first semiconductor layer as one
of collector and emitter regions, the fourth semiconductor
layer as the other of the collector and emitter regions, the
second semiconductor layer as an extension of the third
semiconductor layer and the fifth semiconductor layer as an
extension of the fourth semiconductor layer, respectively.

According to the present mnvention, the area of a junction
region between the fourth semiconductor layer to be collec-
tor or emitter region and the third semiconductor layer to be
base region 1s defined by the height of the third semicon-
ductor layer. Also, since the third semiconductor layer is
formed on the respective side faces of the first and second
semiconductor layers and the msulating film, the height of
the third semiconductor layer 1s defined as a total thickness
of the first and second semiconductor layers and the 1nsu-
lating film. And the thicknesses of the first and second
semiconductor layers and the insulating film are each con-
trollable precisely. Thus, the area of the collector-base or
emitter-base junction region 1s controllable precisely, so 1s
the collector-base or emitter-base parasitic capacitance. As a
result, the electrical characteristics of the bipolar transistor
can be stabilized.

In addition, the thicknesses of the first and second semi-
conductor layers and the insulating film can all be reduced
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by adjusting the deposition conditions. Thus, the operating
speed of the bipolar transistor can be increased by reducing
the collector-base or emitter-base parasitic capacitance
through the reduction 1n total thickness of the first and
second semiconductor layers and the insulating film.

In one embodiment of the present invention, the area of
the second semiconductor layer 1s preferably smaller than
that of the first semiconductor layer.

In such an embodiment, an extension electrode can be
formed to be 1n direct contact with the first semiconductor
layer. That 1s to say, there 1s no need to provide any
extension region for the first semiconductor layer separately,
thus cutting down the number of necessary process steps.

In another embodiment, the first and fourth semiconduc-
tor layers are preferably silicon layers, while the third
semiconductor layer 1s preferably a silicon germanium layer.

The band gap of a silicon germanium layer 1s smaller than
that of a silicon layer. Thus, discontinuity 1s caused between
the valence band of the first and fourth semiconductor layers
and that of the third semiconductor layer 1n such an embodi-
ment. As a result, the number of holes mjected from the base
region 1nto the emitter region decreases and therefore, the
frequency characteristics of the bipolar transistor improve.

In still another embodiment, the fourth and fifth semicon-
ductor layers are preferably formed 1n a single process step.
In such an embodiment, increase in number of process steps
can be minimized by doing so.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a bipolar transistor
according to an exemplary embodiment of the present
invention.

FIGS. 2(a) through 2(d) are cross-sectional views illus-
trating respective process steps for fabricating the bipolar
transistor according to the present mnvention.

FIGS. 3(a) through 3(d) are cross-sectional views illus-
frating respective process steps for fabricating a prior art
bipolar transistor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Heremnafter, a bipolar transistor according to an exem-

plary embodiment of the present invention will be described
with reference to FIG. 1.

As shown 1n FIG. 1, an n-type {first single crystal silicon
layer (1.e., first semiconductor layer) 10c doped with arsenic
(As) is provided over a silicon substrate 10a with a first
insulating film 106 of silicon dioxide interposed therebe-
tween. The silicon substrate 10q, first insulating film 105 and
first single crystal silicon layer 10c¢ together constitute an
SOI substrate 10. The first single crystal silicon layer 10c¢ 1s
defined as collector region.

A p-type first polysilicon layer (i.€., second semiconduc-
tor layer) 12 doped with boron (B) is provided over the first
single crystal silicon layer 10c with a second insulating film
11 of silicon dioxide interposed therebetween. The thickness
of the second insulating film 11 may be 100 nm. The first
polysilicon layer 12 1s defined as an extension of an intrinsic
base region as will be described later.

A p-type second single crystal silicon layer (i.e., third
semiconductor layer) 14 with a thickness of 60 nm is
provided on one side of the first single crystal silicon layer
10c, second insulating film 11 and first polysilicon layer 12.
The second single crystal silicon layer 14 1s defined as
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Intrinsic base region. An n-type third single crystal silicon
layer (i.e., fourth semiconductor layer) 15 is provided to
cover the second single crystal silicon layer 14 on a side of
the layer 14, which 1s opposite to the other side thereof 1n
contact with the first single crystal silicon layer 10c and the
first polysilicon layer 12. An n-type second polysilicon layer
16 1s provided over the first polysilicon layer 12 with a third
insulating film 13 of silicon dioxide interposed therebe-
tween. The second polysilicon layer 16 1s located over one
end of the first polysilicon layer 12 and connected to the
third single crystal silicon layer 15. The third single crystal
silicon layer 15 and the second polysilicon layer 16 together
constitute an emitter region. An n-type third polysilicon
layer 17 1s further provided on the first insulating film 105
to extend along the first insulating film 105. One end of the
third polysilicon layer 17 1s connected to the side of the third
single crystal silicon layer 15. The third polysilicon layer 17
1s defined as extension of the emitter region.

A fourth msulating film 18 of silicon dioxide 1s further
provided to cover the first and third single crystal silicon
layers 10c and 15 and the first, second and third polysilicon
layers 12, 16 and 17. And emitter, base and collector
clectrodes 19A, 19B and 19C are provided on the fourth
insulating film 18 so as to be connected to the third poly-
silicon layer (emitter extension region) 17, the first polysili-
con layer (base extension region) 12 and first single crystal
silicon layer (collector region) 10c, respectively.

Hereinafter, a method for fabricating the bipolar transistor
will be described with reference to FIGS. 2(a) through 2(d).

First, as shown in FIG. 2(a), the SOI substrate 10 is
prepared. In the SOI substrate, the n-type first single crystal
silicon layer (first semiconductor layer) 10c¢ has been depos-
ited over the silicon substrate 10a with the first mnsulating
film 10b of silicon dioxide interposed therebetween. The
first single crystal silicon layer 10c¢, which will constitute a
collector region, may be doped with As and have a resistivity
of 0.3 Q-cm. Alternatively, the n-type {first single crystal
silicon layer 10c may be newly deposited over the silicon
substrate 10a with the first insulating film 105 interposed
therebetween 1n the fabrication process of the bipolar tran-
S1stor.

Next, the second insulating film 11 of silicon dioxide 1s
deposited by a chemical vapor deposition (CVD) process to
a thickness of 100 nm on the first single crystal silicon layer
10c of the SOI substrate 10. Then, the p-type first polysilicon
layer (second semiconductor layer) 12, which is doped with
B at a carrier density of 1x10°°/cm”’, is deposited by a CVD
process again to a thickness of 300 nm on the second
insulating film 11. The first polysilicon layer 12 will be an
extension region for the intrinsic base region that will be
formed later.

Subsequently, the third msulating film 13 of silicon diox-
1de 1s deposited by a CVD process, for example, to a
thickness of 300 nm on the first polysilicon layer 12.
Thereafter, a first resist pattern (not shown) is defined on the
third insulating film 13. And the third insulating film 13, first
polysilicon layer 12, second insulating film 11 and first
single crystal silicon layer 10c¢ are etched and patterned
anisotropically using the first resist pattern as a mask.

Then, as shown in FIG. 2(b), the p-type second single
crystal silicon layer (third semiconductor layer) 14 is selec-
fively grown epitaxially by a CVD process to a thickness of
60 nm on the side faces of the first single crystal silicon layer
10c¢, second msulating film 11 and first polysilicon layer 12.
The second single crystal silicon layer 14 will be the
intrinsic base region.
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Next, an epitaxy process 1s performed under such condi-
tions as growing epitaxial and polysilicon layers at the same
time. In this manner, the n-type third single crystal silicon
layer (fourth semiconductor layer) 15 is grown on the side
of the second single crystal silicon layer 14. Also, the n-type
second polysilicon layer 16 1s grown on the third msulating
film 13 so as to be connected to the third single crystal
silicon layer 15. Furthermore, the n-type third polysilicon
layer (fifth semiconductor layer) 17 is grown on the first
insulating film 10b so as to be also connected to the third
single crystal silicon layer 15. The third single crystal silicon
layer 15 will be the emitter region, while the third polysili-
con layer 17 will be the emitter extension region.

Then, as shown in FIG. 2(c), the second polysilicon layer
16 and third insulating film 13 are etched and patterned
anisotropically using a second resist pattern (not shown) as
a mask. Thereafter, the first polysilicon layer 12 and second
insulating film 11 are etched and patterned anisotropically
using a third resist pattern (not shown) as a mask.
Subsequently, the first single crystal silicon layer 10¢ and
third polysilicon layer 17 are etched and patterned anisotro-
pically using a fourth resist pattern (not shown) as a mask.

Thereafter, as shown in FIG. 2(d), the fourth insulating
film 18 of silicon dioxide 1s deposited by a CVD process
over the entire surface of the substrate. Then, electrode
openings are provided in the fourth insulating film 18 by
ctching anisotropically the fourth insulating film 18 using a
fifth resist pattern (not shown) as a mask. Next, an aluminum
f1lm, for example, 1s deposited over the entire surface of the
fourth msulating film 18 and then patterned, thereby forming
the emitter, base and collector electrodes 19A, 19B and 19C.
In this manner, the inventive npn junction bipolar transistor
1s obtained.

According to the present invention, the height of the
second single crystal silicon layer 14 to be the base region
1s defined as the total thickness of the first single crystal
silicon layer 10c, second insulating film 11 and {first poly-
silicon layer 12. And the thicknesses of the first single
crystal silicon layer 10c¢, second insulating film 11 and first
polysilicon layer 12 are each controllable precisely. Also, the
arca of a junction region between the third single crystal
silicon layer 15 to be the emitter region and the second
single crystal silicon layer 14 to be the base region 1s defined
by the height of the second single crystal silicon layer 14.

Thus, the area of the emitter-base junction region i1s
controllable precisely, so 1s the emitter-base parasitic capaci-
tance. As a result, the electrical characteristics of the bipolar
fransistor can be stabilized.

In addition, the thicknesses of the first single crystal
silicon layer 10c¢, second insulating film 11 and {first poly-
silicon layer 12 can all be reduced by adjusting the deposi-
tion conditions. Accordingly, the operating speed of the
bipolar transistor can be increased by reducing the emitter-
base parasitic capacitance through the reduction in total
thickness of the first single crystal silicon layer 10c¢, second
insulating film 11 and first polysilicon layer 12.

Moreover, the first single crystal silicon layer 10c 1s
patterned after the first polysilicon layer 12 has been pat-
terned. Accordingly, the area of the first polysilicon layer 12
can be smaller than that of the first single crystal silicon
layer 10c. That 1s to say, the collector electrode 19C can be
directly connected to the first single crystal silicon layer 10c,
thus cutting down the number of process steps.

In the foregoing embodiment, the intrinsic base region 1s
made of the p-type second single crystal silicon layer 14.
Alternatively, the base region may be made of p-type silicon
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germanium. The band gap of the silicon germanium layer 1s
smaller than that of the silicon layer. Thus, discontinuity 1is
caused between the valence band of the first and third single
crystal silicon layers 10c and 15 functioning as the collector
and emaitter regions and that of the intrinsic base region 1n
such an embodiment. As a result, the number of holes
injected from the base region into the emitter region
decreases and the frequency characteristics of the bipolar
transistor improve.

Also, 1n the foregomng embodiment, the first and third
single crystal silicon layers 10c and 15 are defined as
collector and emitter regions, respectively. Alternatively, the
first and third single crystal silicon layers 10c and 15 may be
defined as emitter and collector regions, respectively. In
such a case, the third polysilicon layer 17 will be a collector
extension region.

Furthermore, the present invention has been described as
being applied to an npn junction bipolar transistor and a
method for fabricating the same. Alternatively, the present
invention 1s naturally applicable to a pnp junction bipolar
transistor.

What 1s claimed 1s:

1. A bipolar transistor comprising:

a first semiconductor layer of a first conductivity type,
which 1s formed over a semiconductor substrate;

a second semiconductor layer of a second conductivity
type, which 1s formed over the first semiconductor
layer with an insulating film interposed therebetween;

a third semiconductor layer of the second conductivity
type, which 1s formed on side faces of the first and
second semiconductor layers and the insulating film;
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a fourth semiconductor layer of the first conductivity type,
which 1s formed on a side of the third semiconductor
layer, the side being opposite to the other side of the
third semiconductor layer that 1s 1n contact with the first
and second semiconductor layers; and

a 1ifth semiconductor layer of the first conductivity type,
which 1s formed over the semiconductor substrate to be
in contact with the fourth semiconductor layer,

wherein the third semiconductor layer 1s defined as a base
region, and

wherein the first semiconductor layer 1s defined as one of
collector and emitter regions, and

wherein the fourth semiconductor layer 1s defined as the
other of the collector and emitter regions, and

wherein the second semiconductor layer 1s defined as an
extension of the third semiconductor layer, and

wherein the fifth semiconductor layer 1s defined

extension of the fourth semiconductor layer.

2. The bipolar transistor of claim 1, wherein the area of the
second semiconductor layer 1s smaller than that of the first
semiconductor layer.

3. The bipolar transistor of claim 1, wherein the first and
fourth semiconductor layers are silicon layers, and

ds dIl

wherein the third semiconductor layer 1s a silicon germa-
nium layer.
4. The bipolar transistor of claim 1, wherein the fourth and
fifth semiconductor layers are formed 1n a single process
step.
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